TWO-WEEK LOAN COPY
This is a library Circulating COPIJ which may be borrowed for two weeks. In addition, much recent work is not yet referenced in the above-mentioned review articles, and attention, in particular, is directed to the important first-papers on the head-tail effect (10) and on ion-electron instabilities (11) .
The use of collective fields for the acceleration of particles may conveniently be found in three review papers (12, 13, 14) .
Finally, the reader who is interested in seeing how all this knowledge is brought to bear on an actual machine would be interested (for example) in the four papers listed in Refs. 15 and 16.
III. Basic Physics Coherent and Incoherent Motion
The behavior of a beam of particles in an accelerator or in a storage ring may be described by a properly-relativistic Fokker-Planck equation.
The diffusion terms arise from the scattering of 1 beam particles on residual gas, the scattering of particles on each other, and (for electron beams) from the emission of photons. Gas scattering is well understood, and machines are usually designed so that the phenomenon is unimportant. Intra-beam scattering (ADA effect) can be important in stored intense beams of low energy, but again devices are normally designed so as to a void the phenomenon.
Radiation damping and the associated quantum fluctuations in the emission process are important phenomena in electron storage rings and this subject is well-understood. In a stationary state the external potential is time independent, and can be obtained by a selfconsistent field calculation which is quite analogous to the Hartree approach to atomic structure.
In addition, the self-consistent field may have dynamic behavior. This is quite analogous to the Bohr-Mottleson approach to collective modes of atomic nucleL Of course, dynamic behavior of the field can be described in terms of single particle motion, but it is usually easier to think of the self-consistent field as having associated degrees of freedom. The relation between these two approaches has been carefully studied in connection with atomic nuclei (the unified model) where the 2 inter-play of collective modes (Bohr-Mottleson modes) and single-particle states (shell model states) is of great importance.
For accelerator beams we call the motion where the self-field is stationary, "incoherent ", and where the self-field has dynamic behavior, "coherent". Since the coherent modes can, somEt:imes, lead to a rapid loss of the whole beam, We often describe such behavior as "an instability", but it must be remembered that incoherent collective motion can be just as effective in destroying a beam.
Calculational Techniques
There are two techniques which are commonly employed to evaluate the collective behavior of 
Self-Destructive Behavior
At the heart of our problem--and I mean the problem of the accelerator physicist--is the pernicious self-destructive behavior of particle beams. What inherent flaw makes beams destroy themselves? There are deep reasons which succinctly can be summarized with the remark that the system is not in thermodynamic eqUilibrium; in fact, with relativistic beams one could hardly be further from equilibrium. In statistical mechanics terms, the constant energy surface in 6N--perhaps 6 x 10 13 __ dimensional phase space is of very great extent, and the part corresponding to a working device is a tiny area over in one corner. Eventually, because of metric transitivity (ergodicity), all regions of the energy surface will be experienced, Le., the beam will destroy itself.
But perhaps if the system is well-isolated from its surroundings, it will take a very long time before it comes to equilibrium. And certainly, we must isolate stored beams, for scattering fran residual gas, noise in the current-supplies to the magnets, etc. will eventually lead to beam loss.
We can readily calculate these relaxation rates and impose criteria which must be met in practice to Chirikov has suggested a method for estimating the stochasticity limit (20) . Roughly speaking the criterion is that when the nonlinear resonances (computed in first-order) become so dense as to fill all available phase space, then the motion is stochastic. This simple criterion has been applied, with surprising success, to many different systems (20) .
From this recent work we conclude that for a beam of particles to be stable, it is necessary that each particle be below the stochasticity limit, otherwise the beam will break up in an But, you say, look at a system like the solar system. It has been stable for 4.6 x 10 9 earth oscillations. Of course, I can respond that to hold a beam in a storage ring for one day corresponds to 11 .
3 x 10 osc11lations, and hence in designing a new storage ring I can 't take any comfort from the present observations on the stability of the solar system. However, since we don 't know how to scale from one system to the other without a theory, these are only flippant remarks.
Just such a theory was developed in the sixties. In fact, the last decade has witnessed remarkable progress on the classical problems of (1) ergodicity, metric transitivity, and the basis of Also, it is clear that the beam surroundings are important, as they strongly influence the value of Z. In fact, a succinct way to characterize n one of the problems to be solved in developing an electron ring accelerator is to state that (for an accelerator having a reasonably high rate of energy gain) the device must be designed so that (Iznl/n)~(zollO), i.e., the coupling must be reduced significantly below its "natural value".
Transverse Two-Stream Coherent Modes
Rather recently, the theory of ion-electron coherent transverse oscillations has been developed (11) and extended (28) , and seen to be relevant to electron ring accelerators (11, 28) , the Bevatron atBp dp _ 8H[ q. p,l/J(q. p, t))
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